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@ An improved composite overhead stranded conductor
obtained by providing an optical fiber cable in an overhead
power line formed by stranding a plurality of conductors, or
in an-overhead earth wire which is extended in paraliel with
such an overhead power line. A spacer (3} having a plurality
of axially extending helical grooves {1) formed in an outer
surface thereof is positioned within a protective tube (4).
Respective optical fibers (2) and/or optical bundles are
received in each of the grooves (1). Each of the grooves (1)
has a width substantially equal to the outer diameter of the
optical fiber (2) and/or the optical bundies received therein so
that movement of the optical fibers andior the optical
bundles in the grooves in the circumferential direction of the
gpacer is restricted.
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COMPOSITE OVERHEAD STRANDED CONDUCTOR

The present invention relates to an improved

composite overhead stranded conductor obtained by providing

- an optical fiber cable in an overhead power line formed by

stranding a plurality of conductors, or in an overhead earth
wire which is extended in parallel with such an overhead

power line.

Copending U.K. Patent Application No. 82/9402
and DE-A-3225228 disclose composite overhead
stranded conductor of this type, an example of which is

shown in Fig. 1 herein. 1In Fig. 1, an optical unit 5 is

- composed of a plurality of optical fibers 2 arranged in a

corresponding number of helical grooves 1 formed in the
outer surface of an aluminum spacer member 3 surrounded by
an outer tube 4 also made of aluminum. The outer surface of
the optical unit 5 is surrounded by a stranded conductor
layer composed of a plurality of aluminum-clad steel wires
6.

The composite stranded conductor shown in Fig. 1
exhibits an acceptable mechanical strength aéd excellent
protective characteristics against lightning due to the fact
that the optical unit 5 is received in the outer tube 4,
which performs a protective function.

If the outer diameter of the optical fiber 2 is

sufficiently smaller than both the width and depth of the
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helical groove 1 to be received therein loosely, compression
and/or expansion stresses applied thereto are absorbed
and/or weakened due to radial movement of the optical fibers
2 in the grooves 1, such as shown by thick arrows in Fig. 2.
In the structure shown in Fig. 1, however, if the width of
the groove 1 of the spacer 3 is much larger than the ‘diame-
ter of the optical fiber 2, bending and/or compression
stresses applied to the composite stranded conductor cause
the optical fiber to move not only radially but also circum-
ferentially, resulting in irregqular bending of the optical
fibers. Accordingly, transmission loss of the optical fiber

may increase.

The present invention resides in a composite
overhead stranded conductor developed to resolve or reduce the prob-
lems inherent in the conventional composite overhead stran-
ded conductor, and is characterised by the o.ptical Tibers and/or
the optical bundles being fittingly received in the helical
grooves formed in a spacer, with the width of the helical
grooves being substantially the same as the diameter of the
optical fibers and/or the optical bundles. In the present
specification, the optical bundle is intended to mean an
assembly of a plurality of optical fibers which are arranged
uniformly along the longitudinal direction. When the
diameter is used in connection with the optical bundle, it
means the maximum size in the radial direction of the
bundle. With such a structure, the freedom of movement of

the optical fiber in the grooves is restricted to thereby
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minimize loss increase caused by the bending. However, all
external axial stresses applied to the fibers are absorbed
by the radial movement of the fibers. For example, when an
expansion stress is applied to the composite stranded
conductor of the invention while the optical fibers are
positioned at-the bottoms of the grooves, the diameter of
the spacer is reduced and the stress is absorbed by the
radial movement of the fibers because the spacer itself is
elbngated.

It is preferred to round the bottoms of the
grooves with a radius of curvature substantially equal to
the radius of the optical fibers and/or the optical bundles,
fhereby preventing microbending of the optical fiber. When
the radius is used in connection with the optical bundle, it
is a half of its diameter which is defined in the above.
Further, in such a case, if the optical fiber has a jacket
coating of an elastic material such as silicon, the effect
of stress absorption may be improved.

Moreover, since it is possible to make the nar-
rowed grooves of the spacer deeper than the grooves in the
spacer shown in Fig. 1, the optical fibers can be moved
radially through a distance larger than is possible in the
structure of Fig. 1.

Alternatively, the spacer itself can be thinned.
This is advantageous when the composite overhead stranded
conductor is to be used as a substitute for an existing
stranded conductor not having optical fibers therein, in

which application the size and weight of the composite
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overhead stranded conductor must be nearly the same as the
existing stranded conductor. The diameter of the spacer

should not be larger than twice the diameter of each of the
aluminum-clad steel wire which form the outer layer of the

stranded conductor.

Por a hetter understanding of the .invention,
and to show how the same may be carried into effect,
reference will now be made, by way of example, to the
accompanying drawings, in which:

Fig. 1 is a cross-sectional view of a conventional
composite stranded conductor;

Fig. 2 is an elongate cross-sectional view of a
spacer used in the composite stranded conductor of Fig. 1;

Fig, 3 is a similar view of a spacer used in some
embodiments of the present invention;

Fig. 4 is a cross-sectional view of one embodiment of a
camposite overhead stranded conductor of the present invention;

Fig. 5 is a cross-sectional view of another
embodiment of the present invention; and

Fig. 6 is a cross-sectional view of a further

embodiment of the present invention.

Fig. 3 is a cross-sectional view of a spacer adap-
ted for use with embodiments of the present invention. In Fig. 3, the
spacer 3 is made of a ﬁetal or a heat resistant plastics
material, and is formed on its outer periphery with a
plurality (four in this case) of helical grooves in which
respective optical fibers and/or respective optical bundles

2 are received. The width of each helical groove 1 is made

substantially equal to the outer diameter of the optical
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fiber and/or the optical bundles 2 received therein so that
the latter can move only radially.

Fig. 4 is a cross-sectional view of a composite
stranded conductor to which the spacer 3 shown in Fig. 3 is
applied. 1In Fig. 4, the spacer 3, as above, is made of a
metal or a heat resistant plastics material and is formed in
the outer surface thereof with helical grooves 1, each
having a width substantially equal to the diameter of the
optical fiber and/or the optical bundles 2 received therein.
The spacer 3 is covered by an aluminum tube 4 to form an
optical unit 5 surrounded by stranded aluminum-clad steel
wires 6.

it is possible to deepen the grooves without
reducing the mechanical strength of the spacer. This is one
of advantages of the present invention over the conventional
stranded conductor shown in Fig. 1. Further, it is possible
to coat the surfaces of the grooves 1 and/or the surfaces of
the optical fibers with a jelly-like material to damp the
relative movement of the optical fibers with respect to the
groove walls. Still further, it is possible-to employ an
elastic material such as silicon resin or silicon rubber in
the grooves to elastically restrict the relative movement of
the optical fibers with respect to the groove walls so that
the optical fibers move together with the spacer 3 in
response to thermal and mechanical stresses exerted thereon.
In this case, any distortion applied to the optical fibers

is made axially uniform so that the lifetime of the optical
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fibers and the stability of their transmission characteris-
tics are improved.

If the spacer 3 is made of a metal material having
an appreciable electrical resistivity, it is possible to
restrict a temperature increase due to a lightning strike or
a short circuit of the powefﬂtransmission line. For exaﬁ:
ple, for a composite stranded conductor provided with a
spacer 3 made of an aluminum alloy having the same structure
as that shown in Fig. 4, an optical unit 5 covered with
aluminum tube 4 which is 5 mm diameter, and seven aluminum-
clad stranded steel wires 6 each 3.8 mm diameter-  arranged
around the optical unit 5, if the electric resistance per
unit length and the.cross—sectional area of the composite
cable are 0.550 ohms/km and about 80 mmz, respectively, the
temperature increase of the conductor due to a short-circuit
current is lower by about 30°C than that of a conductor of a
composite stranded conductor with a non-metallic spacer or
without such a spacer. For example, the approximate tempe-
rature increases of the conductor of the composite stranded
conductor with a non-metallic spacer or without such a
spacer for a current flow of 20 KA for 0.15, 0.20 and 0.30
seconds are 180°C, 230°C and 350°C, respectively, while, for
the composite stranded conductor constituted.with a spacer 3
of an aluminum alloy, the corresponding values are 150°C,
200°C and 300°C, respectively.

Further, in Fig. 4, either or both of the spacer 3
and the tube 4 can be made of heat durable plastics mate-

rial. However, if the spacer 3 is made of a metal and the
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tube 4 of a heat durable plastics material or both of the
spacer and the tube are made of metal with an insulating
material such as a plastic tape layer between the spacer and
the tube, due to the presence of the insulating material
layer between the metal spacer 3 and the aluminum-clad steel
wires 6, when a short-circuit current flows therethrough,
breakdown of the insulating layer is caused and the tube in
broken. Thus, the tolerance of the composite stranded
conductor to short-circuit currents is low. For example,
for the described composite stranded conductor having a
cross-sectional area of 80 mmz, it has not been observed
that the tube 4 melted even when a short-circuit current of
20 KA flowed for 20 cycles (1 cycle = 1/60 seconds). On the
other hand, for a composite stranded conductor which inc-
luded a Mylar (trademark of Du Pont) tape layer 0.02 mm
thick between the spacer 3 and the aluminum tube 4, the
latter was melted due to insulation breakdown when a short-
circuit current of 15 KA flowed for a period corresponding
to 8 cycles.

Fig. 5 shows another embodiment of the pfesent
invention in which the diameter of the spacer 3 is(made
smaller than the inner diameter of the tube 4 so that the
spacer can moved within the tube 4. The str&cture shown in
Fig. 5 is advantageous in case the optical fibers 2 break.
That is, the optical fibers 2 received in the spacer 3 can
be moved together with the spacer 3 with respect to the tube
4 so that repair of the broken fibers is made possible. For

instance, in a test, a force required for extracting or
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inserting a spacer 2.5 mm diameter and 1 km long from or
into an aluminum tube whose inner diameter and length were 4
mm and 1 km, respectively, was 50 kg or less.

Fig. 6 shows another embodiment of the present
invention, in which, instead of aluminum-clad steel wires
each having a circular cross section, aluminum-clad steel
wires 7 having fan-shaped cross sections are used. The
cross sections of the aluminum-coated steel wires 7 are
substantially wedge shaped so that adjacent ones of the
steel wires 7 are intimately contacted with each other to
provide a so-called bridge effect, thereby to make the layer

of steel wires rigid. 1In fhis embodiment, the tube 4 of the

- spacer 3 undergoes little deformation. Even if it is

deformed, the optical unit 5 is protected by the spacer 3,
and therefore it is possible to replace the optical unit 5
without damage to its components.

As described in detail hereinbefore, since the
optical fibers are received in helical grooves formed in the
spacei with the width of the helical grooves being substan-
tially-equal to the outer diameter of the optical fibers
and/or the optical bundles, the freedom of movement of the
optical fibers in the grooves is reduced, and thus the
bending losses thereof are minimized. Furthér, external
stress applied axially to the composite stranded conductor
is absorbed by radial movements of the optical fibers.
Since the optical fibers always move together with the
spacer, fhe optical fibers are not subjected to local

concentration of deformation due to thermal and/or
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mechanical forces applied thereto externally, resulting in a
stable transmission characteristics and extended life time
of the optical fibers.

In addition, if the optical fiber has a core
and/or a cladding which contains fluorine, the transmission
characteristics of the optical fiber in the composite

stranded conductor can be stably maintained even under high

temperature conditions.
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Claims:

1. A composite overhead stranded conductor characteris-
ed by:

a plurality of optical fibers (2) and/or optical
bundles;

a protective tube (4) enclosing said optical fibers
(2) or bundles;

a plurality of stranded conductors (6,7) of metal or
metal alloy disposed around said protective tube (4); and

a spacer (3) received in said protective tube (4),
said spacer having a plurality of axially extending
helical grooves (1) formed in an outer surface of said
spacer (3), ones of said optical fibers (2) and/or said
optical bundles being received in respective ones of
said grooves (1), each of said helical grooves (1) hav-
ing a width substantially equal to an outer diameter of
the one of said optical fibers (2) and/or said optical
bundles received thefein, whereby said optical fibers
(2) or bundles are restricted from movement in said
grooves (1) in a circumferential direction of said
spacer (3).

2. A composite overhead stranded conductor as claimed
in claim 1 characterised in that said spacer (3) is made
of a metal.

3. A composite overhead stranded conductor as claimed
in claim 1 characterised in that said spacer (3) is made
of a heat-resistant plastics material.

4., A composite overhead stranded conductor as claimed

in any one of claims 1 to 3 characterised in that said
protective tube (4) is made of a metal.
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5. A composite overhead stranded conductor as claimed
in any one of claims 1 to 4 characterised in that an
inner diameter of said protective tube (4) 1is substan-
tially equal to an outer diameter of said spacer (3).

6. A composite overhead stranded conductor as claimed
in any one of claims 1 to 4 characterised in that an
inner diameter of said protective tube (4) is larger
than an outer diameter of said spacer (3).

7. A composite overhead stranded conductor as claimed
in claim 5 or 6 characterised in that each of said
stranded conductors 1is an aluminum-clad steel wire
strand (7), and in that said aluminum-clad steel wire
strands (7) are substantially wedge-shaped in cross-
section so that adjacent ones of said aluminum-clad
steel wire strands are intimately contacted with each

other to provide a bridge effect.

8. A composite overhead stranded conductor as claimed
in claim 5 or 6 characterised in that the outer diameter
of said spacer (3) is equal to or smaller than twice the
outer diameter of any one of said aluminum-clad steel
wire strands (6).

9. A composite overhead stranded conductor as claimed
in any one of claims 1 to 8 characterised in that each
of said grooves (1) has a rounded bottom portion having
a radius of curvature substantially equal to a radius of
said one of said optical fibers (2) and/or said optical

bundles received therein.
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Fig. 2

Flg. 3
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